INTRODUCTION
Sustained release oral dosage forms play important roles in the pharmaceutical industry [1] . Retarding drug release helps to improve patient compliance, minimize blood level fluctuation, reduces the amount of drug administered and consequently reduces systemic side effects [2] . Many pharmaceutical agents or materials are used to sustain or modify drug release such as the use of polymers for coating dosage forms, embedding drugs in hydrophilic or lipophilic matrices, or the use of controlled release tablets prepared as osmotic pump system [3] .
Hydrophobic lipid based materials have been widely used for preparing tablet matrix for controlling drug release [4] . The lipid materials used for sustained release purpose especially for water soluble drugs, include compritol 888ATO (glyceryl behenate) [5] , Glyceryl monostearate [6] , and cetostearyl alcohol [7] . They are used for their compressibility and ability to hold drugs.
Compritol 888ATO (compritol) has been used for coating of oral sustained-release dosage forms [8] . As the amount of compritol in hot melt coating increases, prolongation of drug release takes place. The HLB value of compritol is 2 with a melting point of 71.3 o C [9] . Kollidon SR is composed of 80 % polyvinyl acetate which is a plastic material that gives a coherent matrix upon compression, and 19 % polyvinylpyrrolidone (PVP) which is a soluble pore forming material [10] .
Chlorpheniramine maleate (CPM) has been used extensively as an antihistaminic drug for symptomatic relief of common cold and allergy. CPM is typically administered as 4 mg dose, 2 to 3 times daily. It was selected in this study as a model drug for the highly water soluble compounds. The absolute bioavailability of CPM is 25 to 50 % [11].
The aim of the present study is to investigate the potential of using mixture of compritol and kollidon SR to form a directly compressed matrix tablet as well as the effect of this combination on the sustain release behavior of CPM as a water soluble drug. 
EXPERIMENTAL Materials

Preparation of CPM matrix tablets
Matrix tablets were prepared by direct compression. The matrix (F2 to F7) weighing 150 mg contained 10 % w/w CPM, 19.5 % w/w from each of compactrol and avicel PH102, 1 % w/w magnesium stearate and 50 % w/w of different ratios of compritol and kollidon SR. F1 is a control tablets containing 10 % w/w CPM, 44.5 % w/w from each of compactrol and avicel PH102 and 1 % w/w magnesium stearate. Components of each matrix formulation were mixed in turbula mixer (type S27, Erweka, Apparatebau, Germany) for 15 min. Finally, the powder was compressed into tablets by an instrumented multiple press rotary tablet machine (Rotab T, kg pharma, Berlin, Germany) using 7 mm diameter, round, flat, and scored punches. Tablets hardness was kept within the range of 4 -6 kp.
Evaluation of physical properties of tablets
Ten measurements of tablet hardness were conducted using hardness tester (type TBH28, Erweka, Apparatebau, Germany). The friability of 20 tablets was measured using Roche friabilator (type TA3R, Erweka, Apparatebau, Germany). Weight uniformity test of 20 tablets was carried out according to USP requirements.
In vitro release studies
The release of CPM from the prepared matrices was carried out in phosphate buffer pH 6.8 using the USP apparatus II (Caleva Ltd., Model 85T). In brief, 900 ml of the buffer was equilibrated to 37 ± 0. An accurately weighed CPM tablet of each of the prepared formulations was added to each vessel. Samples were withdrawn at pre-determined time intervals for 6 h. The dissolution experiments were performed in triplicate for each batch and absorbance recorded automatically at 265 nm. The cumulative percentage of drug released was determined as a function of time.
Release kinetic analysis
The released CPM was fitted as the fraction of total amount of drug released (M t /M ∞ ) versus time (t) according to different model equations. The model with best fitting was used to represent the mechanism of drug release. The following models were tested.
Zero order
M t /M ∞ = k 0 t ……………………………………. (1) where k 0 is the zero order rate constant
First order
where k1 is the first order rate constant
………………………………….. (3) where k h , is the Higuchi diffusion rate constant
Peppas and Korsemeyer model
. (4) where k p is the release rate constant at the elapsed time t, n is a constant. The value of n ≤ 0.45 indicates Fickian diffusion, 0.45 ≤ n ≤ 0.89 indicates non-Fickian (anomalous) diffusion, n = 0.89 indicates case-II transport (erosion control and zero-order kinetics), and n ≥ 0.89 indicates Super Case II transport [12] .
All equations were fitted using the MULTI computer program with little modifications. The criteria for judging the best fitting included the examination of the predicted curve fitted to the data, and the sum of the squared residuals (SSR), as well as comparison of the Akaike's information criterion (AIC) [13] . AIC and SSR were calculated using Eqs 5 and 6, respectively.
where n is the number of experimental points, and p is the number of parameters to be estimated.
Tensile strength determination
The radial tensile was computed using Eq 7 [14] :
where  x is the tensile strength, F is the force required to break the tablet, D is the diameter of the tablet, and T is the tablet thickness.
Statistical analysis
Data analyses were performed using the Statistical Package for Social Sciences (SPSS ver. 19.0). Analysis of variance (ANOVA) was applied to determine statistical difference, which was considered significant at p < 0.05. Table 1 illustrates the amounts of compritol and kollidon present in the tested matrices and their organoleptic properties. Comparing the mean weight of F2 (50 % compritol) and F3 (50 % kollidone) showed almost the same weight and reflected a comparable density between compritol and kollidon. The hardness of matrix containing compritol only was significantly (p < 0.05) higher than kollidone rich formula, also, the same effect was observed in case of thickness. Upon mixing compritol with kollidon in varying ratios, the matrices' properties were affected in an irregular manner. However, the mode of change in such properties (thickness and hardness) with increasing compritol content appeared proportional. In vitro release profiles Figure 1 presents the release profile of CPM release from the prepared matrices. It is apparent that kollidon alone in matrix slowed the release of CPM when compared to compritol alone. However, mixing kollidon with compritol in different ratios slowed the release rate more than that of compritol alone or when compritol composes 25 % w/w (f4) or 37.5 % (F6). It will also found to be slower than that of kollidon alone when used in 12.5 % (F5) and 16.5 % (F7) compritol. On the other hand, as the ratio of 25 to 33 % of compritol in the matrix mixture decreased, the release increased in an extent higher than that was observed with kollidone alone. Although the ranking of the release rate could be F7 < F5 < F6 < F4; Where the percent release were 50.34, 51.11, 61.61 and 64.94 %, respectively, there was insignificant difference between F4 compared to F6 and F5 compared to F7. Table 2 represents the fitting parameters of CPM release according to different models. Taking compritol-kollidone mixture as 100 %, the data showed best fitting for non-fickian anamolous diffusion kinetics as the weight of compritol in the matrix increased. Fig 2 represents the difference between the tensile strength of the prepared matrices and the expected tensile strength. It was found that the presence of compritol increases the tensile strength of the matrix. 
RESULTS
Release kinetics
Tensile strength
Drug release response
The release response was determined by calculating the area under the curve for the release profile, while the response ratio was determined by dividing the release response of a specified matrix by that of matrix containing kollidone only.
Studying the release behavior of drug through different matrices composition was conducted using the release response. Fig 3 shows the ratio of release response from different matrices to that of kollidon alone. The results revealed one phase for F5 and more than one phase of response for F4, F6 and F7. 
DISCUSSION
The increased thickness of matrices other than F1 reflects a difference in compressibility and/or polymer relaxation either for compritol or kollidon SR. On the other hand, addition of compritol to kollidon resulted in increased hardness of matrices, which improved the resistance of matrices toward vibration or friability. In regard to the tested properties, it is obvious that all the prepared formulations showed satisfactory hardness and friability.
Incorporation of compritol with kollidon in (F4 and F6) increased the drug release when compared to F3, F5 and F7. This may be attributed to the increased amount of kollidon incorporated on the expense of compritol, where kollidon reached 100 % of the matrix composition in case of F3. According to penetration theory, when a matrix is composed of a water-soluble drug and a waterinsoluble polymer, drug release occurs mainly by dissolution of the active ingredient through capillaries composed of interconnecting drug particle clusters and the pore network [15] . As drug release continues, the interconnecting clusters increase the pore network through which interior drug clusters can diffuse with more compritol particles present, then fewer clusters of soluble drug are formed. In this case, a finite drug cluster should remain which appear statistically plausible.
This result may recommend that the large hydrophobic molecules of compritol impose a discontinuity in the kollidon matrix structure leading to formation of a weaker arrangement, which at lower concentration, affects the tortuous formation than in matrix containing kollidon alone [16] .
Tablets must have a minimum mechanical strength to withstand the potential loading encountered during processing and handling. It has been shown that the tensile strength of tablets of a particulate powder is primarily a function of its porosity or relative density, irrespective of the dimensions of the tablets [17] . When compritol was used as a lubricant for its hydrophobic nature, compritol decreased the tensile strength of tablet and slowed drug release [18] . This effect appears in concentration up to 3 %, however, in the present study compritol has been used in a concentration starting from 12.5 up to 50 % of total tablet weight.
As seen in Figure 2 , the tensile strength for matrix containing blend of kollidon and compritol is higher than expected which means an increase in the interparticle bonding that reached its maximum value when 16.5 % compritol was used. Also, it reflected an increase in the adhesive forces over the cohesive forces for the particles of each material alone.
Increasing percent Kollidon SR in matrix containing microcrystalline cellulose resulted in higher mechanical strength, especially in case of F6, where the lowest amount of Kollidon was used, p 0.05 (12.5 % of the matrix), that appears in agreement with Iovanov et al [19] . The release from the present matrix depend on pore forming materials which are CPM, a soluble drug that is constant in all matrices, and PVP that increases with increasing kollidon percent. Also pores may be formed during compression. It is probable that after compression, compritol tightly bound with kollidon SR. The increased rate of release in the presence of 50 % or more compritol may be attributed to the water repelling property of compritol.
Slowing drug release rate depended on the ratio of compritol to kollidon. The lower the compritol ratio, the slower is drug release rate. The kinetics of drug release followed fickian diffusion in low compritol concentration reflecting the importance of pore formation. However, by increasing compritol concentration, drug release followed non fickian anomalous kinetics due to the repelling effect of compritol.
The results in Fig 3 confirmed the presence of more than one mechanism of release for F4, F6 and F7. However, F3 and F5 showed almost fickian release kinetics. These results strengthen the data obtained through korsmeyer peppas fitting, where 0.45 < n < 0.89 [12] .
Taking into consideration that all the tested matrices did not disintegrate during release. The burst effect may be attributed to the amount of drug present on the surface and the relatively higher porosity that caused easy penetration of dissolution medium as well as the repelling effect of compritol. Generally, as the proportion of kollidone increased, the effect of pores on drug release also increased showing fickian diffusion mechanism, F3 and F5. However, as compritol increased above 12.5 %, the repelling effect mechanism became detectable. As percent compritol increased up to 50 %, the holding ability and binding capacity to kollidon also increased. In this case, mean dissolution time (MDT) decreased with the predomination of repelling effect. This effect is in agreement with previous report [20] , where the effect of different waxes on the release of diltiazem hydrochloride from kollidon matrices was studied. 
CONCLUSION
